INTRODUCTION

58
Inorganic phosphates are widely used in the food industry as preservatives, flavor enhancers, and 59 color stabilizers (1, 46) . As a result, dietary phosphate (Pi) intake in the United States far exceeds the 60 recommended daily allowance (1). High Pi intake is proposed to contribute to vascular calcification and 61 cardiovascular (CV) mortality in patients with chronic kidney disease (CKD) (18). However, little attention 62 has been paid to the potential role of Pi excess on the cardiovascular system in the general population with 63 normal kidney function. A high Pi diet was recently shown to trigger blood pressure (BP) elevation in both 64 normotensive rats (2) and spontaneously hypertensive rats (48), both with normal kidney function, in the 65 resting condition. However, the influence of dietary Pi on BP regulation during physical exertion has not 66 been determined.
67
Studies have demonstrated a correlation between dietary Pi intake and Pi concentration in the 68 central nervous system, which may influence brain development (14, 15) and feeding behavior (5, 49).
69
However, the influence of dietary Pi intake on the central nervous system control of the circulation has not 70 been determined. This is a salient point as the sympathetic nervous system, an important autonomic 71 component of the central nervous system, is known to play a major role in the pathogenesis of 72 hypertension (8). Moreover, patients with primary hypertension not only display elevated levels of 73 sympathetic nerve activity (SNA) at rest, but also augmented increases in SNA and blood pressure (BP) 74 during exercise (6, 50) . In primary hypertension, the heightened sympathetic and pressor responses are 75 mediated, in part, by an overactive reflex originating from skeletal muscle, known as the exercise pressor 76 reflex (EPR). The augmentation in EPR function is evoked both by thin fiber muscle afferents associated 77 with metaboreceptors, which are activated slowly during ischemic muscle contraction, and 78 mechanoreceptors, which respond quickly to muscle deformation (30, 32) . Sensory information from 79 these afferents is processed in central nervous system centers within the brainstem that regulate Animal models. All experiments were performed in male Sprague-Dawley rats. The animals were housed 93 in standard rodent cages on 12 h light dark cycles and were randomly divided into either a group fed a 94 control diet (0.6% total Pi, including 0.3% inorganic Pi, LabDiet/TestDiet 5002, St. Louis, MO, n=13) or a 95 group fed a high phosphorus diet (1.2% total Pi, including 0.9 % inorganic Pi, LabDiet/TestDiet modified 96 5002 #1812250, n=13) for 3 months (beginning at 11-12 weeks of age). Both diets contained 0.8% 97 calcium(Ca), 0.3% sodium (Na), 0.2% magnesium (Mg), and 1 % potassium (K). We chose total Pi of 98 0.6% to be the control diet because this proportion has been shown to be optimal for normal rodents (45) .
99
Thus, to mimic the excess Pi consumed daily by Americans, which is approximately twice the 100 recommended daily allowance, we chose a 1.2% Pi diet for the experimental group in our study. The 101 animals were allowed to eat ad libitum and were given free access to water. All studies were conducted in 
105
Plasma and urine biochemistry. Rats were acclimatized for 2 days in metabolic cages before 24-hour 106 urine collection and measurement of daily food intake (difference in the weight of food provided and food 107 recovered). Plasma and urinary Pi, Ca, -K, and Na were determined 12 weeks after consumption of either a 108 high (1.2%) or normal (0.6%) Pi diet, using methods previously described (12, 34) . Plasma creatinine 109 concentrations were measured using a P/ACE MDQ Capillary Electrophoresis System and photodiode 110 detector (Beckman-Coulter, Fullerton, CA) at 214 nm. (52)
111
Measurement of Blood Pressure in Conscious Animals. 2-3 days prior to surgical procedures below, 112 systolic arterial pressure (SAP) was assessed in the conscious state by tail cuff in a subset of animals in 113 each group (n = 10), using a CODA blood pressure system (Kent Scientific). Animals were acclimated to 114 the measurement procedure and trained for 2 weeks by being placed in a restraining chamber and inflating 115 the blood pressure cuff several times.
117
Experimental Protocols
118
General Surgical Procedures. after consumption of either a high (1.2%) or normal (0.6%) Pi diet for 119 12 weeks, rats were anesthetized with 1-4% isoflurane in oxygen and intubated for mechanical ventilation 120 as described previously (29). Arterial blood pressure was continuously measured by a pressure transducer 121 connected to a left carotid arterial catheter. To obtain electrocardiograph (ECG) recordings, needle 122 electrodes were placed on the back of the animal. Heart rate (HR) was calculated from the time between 123 5 successive R waves. To measure RSNA, a branch of the renal nerve was exposed and attached to a pair of 124 stainless steel wire electrodes. The nerve and electrodes were covered with silicone glue for insulation and 125 fixation. The pre-amplified nerve signal was band-pass filtered at 150-1000 Hz then full-wave rectified 126 and low-pass filtered with a cutoff frequency of 30 Hz. Animals were held in a stereotaxic head unit and 127 then, for rendering the animals insentient, a pre-collicular decerebrate procedure was performed.
128
Immediately after the decerebration, isoflurane anesthesia was discontinued. 
Statistical Analyses
170
Data were analyzed using unpaired t tests to identify differences between specific group means. The 171 significance level was set at P < 0.05. Results are presented as means ± S.E.M. 
RESULTS
174
Morphometric characteristics, biochemical changes, as well as baseline hemodynamics are presented in 175   Table 1 . The heart weight to body weight ratio tended to be higher in the 1.2% Pi than the 0.6% Pi diet 176 group but the difference did not reach statistical significance (2.89±0.10 vs. 2.67±0.04 mg/g, respectively, 177 p = 0.051). There were no significant differences in the heart weight to tibial length ratio or the lung weight 178 to body weight ratio between the 2 groups. 24-hour urinary excretion of calcium (Ca), sodium (Na), and 179 potassium (K) were not significantly different between the two groups. 24-hr urinary Pi excretion in the 180 1.2% Pi group was markedly higher compared to the 0.6% Pi group (77±5 vs. 12±1 mg/day, respectively, p 181 < 0.01). There was no significant difference in serum creatinine or creatinine clearance between the 2 182 groups (0.35± 0.01 vs. 0.37± 0.01 mg/dL, respectively, p = 0.3 and 2.83 ± 0.17 vs. 2.64 ± 0.30 ml/min, 183 respectively, p = 0.6). Additionally, there were no difference in urine volume, food intake, serum Pi, Ca, Na,
184
and K between the 2 groups (all p values > 0.1).
185
Intake of a high Pi diet for 3 months significantly increased tail cuff systolic BP compared to 186 consumption of a normal Pi diet (109 ± 3 vs. 95 ± 2 mmHg, respectively, p < 0.001). Similarly, resting 187 mean BP (120±5 vs. 93±4 mmHg, p < 0.01) as well as HR (355±5 vs. 333±9 beats per minute, p < 0.05) 188 under 1% isoflurane anesthesia was significantly higher in the 1.2% Pi group when compared to the 0.6% 189 7 Pi group. After decerebration, however, there were no significant differences in baseline hemodynamics 190 between groups. The baseline SNA to noise ratio was also not different between the two groups.
191
The peak BP, HR, and RSNA responses to activation of the EPR during static muscle contraction were 192 significantly augmented in the high Pi group when compared to the control group (44±5 vs. 14±2 mmHg, 193 P<0.01; 14±2 vs. 4±1 bpm, p < 0.01; 126±25 vs. 42±9%, P<0.01, respectively, Fig. 1 and Figure 2 B , E, H, 194 and K). Importantly, muscle tension developed during ventral root stimulation was similar between the two 195 groups (1.3±0.1 vs.1.4±0.1 kg, respectively, p > 0.1, Fig. 1-2) . The integrated changes in MAP, HR, RSNA, 196 and tension presented as area under the curve (AUC) over 30 seconds demonstrated similar results (Fig 2 C, 
197
F, I, and L). 
241
Previous studies in cardiomyopathic rats and patients with congestive heart failure have demonstrated 242 enhanced EPR activity via selective mechanoreflex sensitization (27, 41, 43) . In our study, rats subjected to 243 chronic exposure of a high Pi diet tended to have increased heart weight to body weight ratios, suggesting 244 development of left ventricular hypertrophy. However, the lung weight to body weight ratio in the high Pi 245 group was not increased indicating that congestive heart failure had not developed. Thus, it is unlikely that 246 cardiomyopathy induced by a high Pi diet is the primary cause of EPR dysfunction. In addition to the potential direct effect of Pi on the sympathetic nervous system, consumption of a diet 261 high in phosphate may alter baroreflex sensitivity constituting another mechanism by which EPR function 262 could be augmented. It has been demonstrated that the baroreflex normally acts to restrain EPR-induced 263 increases in BP and RSNA (42). In our study, the 1.2% Pi group displayed both elevated resting heart rate 264 and blood pressure, suggesting impaired baroreflex control of heart rate at rest. Reductions in sensitivity 265 could compromise the buffering capacity of the baroreflex contributing to the EPR overactivity observed. phosphate, is poorly absorbed because it is present in the non-hydrolyzable phytate form (16, 17) .
283
Unfortunately, the Western diet is well known to contain enormous amounts of inorganic Pi, which is 284 readily absorbed in the gastrointestinal tract (17). Inorganic Pi-containing food additives were found to be 285 present in more than 40% of top selling grocery items, including frozen foods, dry food mixes, packaged Figure 6 513 C, F, and I. * P < 0.05 compared to 0.6% Pi. 
